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Summary:
Introduction: Postobstructive diuresis (POD) after unilateral pyeloplasty or percutaneous nephrostomy tube (PCN) insertion for ureteropelvic junction obstruction (UPJO) in patients with a normal contralateral kidney is not well described.
Objective: We sought to determine the incidence and characteristics of POD after relief of unilateral UPJO with a normal contralateral kidney.
Study Design: We retrospectively reviewed children who underwent a unilateral pyeloplasty or PCN for UPJO from 2010 to 2017 with a normal contralateral kidney.
POD was defined as urine output (UOP) of >300% of expected urine output. We excluded patients with a solitary kidney, or those who underwent bilateral pyeloplasty or bilateral PCN placement.
Results: Out of 396 children meeting inclusion criteria, 7 (1.8%) developed POD (4 after pyeloplasty and 3 after PCN placement). Median age at intervention was 1.7 years (range 11 days -18 years); median weight was 11.4 kg (range 3.7 -54.2 kg). POD was more likely in grade 4 hydronephrosis (3.0%), larger kidneys and if a PCN was placed prior to pyeloplasty. There was no significant difference in age, gender, kidney laterality or function between those who developed POD and those who did not.
POD was managed with additional intravenous fluids and electrolyte monitoring. Median initial post-procedure UOP was 5.9 mg/kg/hr (range 3.2 -10.0 mg/kg/hr). In 5 children M A N U S C R I P T
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with PCN where UOP could be differentiated between kidneys, median initial postprocedure UOP from the affected side was 6.1 mg/kg/hr (range 2.5 -9.1 mg/kg/hr) and 0.8 mg/kg/hr (range 0.4 -0.9 mg/kg/hr) from the unaffected side. The median length of time to resolution of POD was 3 days (range 2-4 days). One patient developed significant acidosis and lethargy that improved with intravenous fluid management. Mild hyponatremia developed in 2, hypokalemia in 1, hypophosphatemia in 1, acidosis in 1 and hypoglycemia in 1.
Discussion: We describe a low but clinically significant risk of POD occurring after relief of unilateral UPJO in children with a normal contralateral kidney. Limitations include retrospective analysis and small sample size due to the rarity of the condition.
Conclusion: POD after decompression of UPJO in patients with a normal contralateral kidney is a rare event (1.8%). However, POD does occur, and patients should be carefully monitored following these procedures given the potential for significant dehydration and electrolyte disturbances. 
Introduction:
Post-obstructive diuresis (POD), defined as a period of polyuria after relief of urinary tract obstruction, is rare but well recognized phenomenon after release of bilateral ureteral obstruction [1] . In patients with chronic bilateral and unilateral ureteral M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
obstruction, abnormalities in almost all aspects of renal function have been observed after relief of the obstruction [2] . While POD is due partly to defective reabsorption of water and solute as a result of impaired distal tubular function, it is primarily due to fluid overload accumulated during the period of obstruction compounded by the osmotic effect of retained solute [3] . Thus, the mechanism for POD is generally the physiologic excretion of accumulated solutes and free water from volume expansion that occurred during obstruction [4] . Sodium, urea, and free water are eliminated and the diuresis subsides after homeostasis is achieved [1] . Pathologic POD, characterized by inappropriate renal handling of water and/or solutes can ensue due to downregulation of sodium transport channels, downregulation of aquaporin channels, poor responsiveness of the collecting duct to vasopressin, or altered regulation of atrial natriuretic peptide [5] [6] [7] . These changes have been shown to occur with bilateral ureteral obstruction in rats for only 24 hours and can result in a profound diuresis and natriuresis by disrupting the medullary interstitial solute gradient [2, 5, 6] . Thus, physiologic POD occurs as a natural response to excreting excess solute and free water, whereas pathologic POD results from the inappropriate diuresis of water and electrolytes, which we identified as those patients who required additional intravenous fluids to maintain homeostasis against fluid losses.
It has previously been stated that significant POD does not occur after the release of unilateral ureteral obstruction in the presence of a normal contralateral renal unit [3] .
There have been 4 case reports of POD following relief of unilateral urinary obstruction with a normal contralateral kidney occurring in 3 neonates and a 27 year old [1, 3] . At our M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT institution, we have experienced multiple episodes of POD after relief of unilateral obstruction in patients with a normal contralateral kidney. We sought to determine the incidence and characteristics of pathologic POD that occurs after relief of unilateral ureteropelvic junction obstruction (UPJO) in the presence of a normal contralateral kidney. We hypothesized that this was a rare, but clinically significant phenomenon.
Methods:
After receiving Institutional Review Board approval, we retrospectively reviewed patients 
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be increased to match output and may have artificially elevated urine outputs, so data obtained after nephrology involvement was not considered.
We collected data on age, gender, laterality of affected kidney, renal length, function, and drainage times. Data were based on either renal ultrasound, CT scan and MAG-3 renal scans obtained within 3 months prior to intervention. In those who experienced POD, additional information was collected on time to resolution of POD, electrolyte abnormalities during diuresis, and, if available, the amount of urine produced by each kidney prior to nephrologic intervention.
Differential kidney size was calculated by subtracting the size of the unaffected kidney from the affected kidney. 
Discussion:
While rare, POD is a significant clinical concern when it occurs. Pathologic diuresis can lead to hypovolemia from excess water loss and electrolyte abnormalities can develop due to salt or potassium wasting [1] . In Infants and young children, it would be difficult to correct this diuresis with free access to fluids as they may not have access to fluids to drink to thirst. Without close observation, a massive, sustained and life-threatening diuresis can ensue [8] . Close monitoring and careful fluid and electrolyte replacement are indicated in these patients [9] . The type and amount of IV fluid administered should be altered based on the patient's clinical status and electrolyte imbalances [10] .
The etiology of POD following unilateral obstruction in the setting of a normal contralateral kidney is likely multifactorial. It has been hypothesized to occur due to a damaged distal nephrons which are unable to reabsorb water appropriately due to the retained normal glomerular filtration in the obstructed kidney in combination with the absence of a normal concentrating mechanism [1] . Further, POD following unilateral obstruction may be mediated by pressure atrophy of tissue adjacent to the collecting system resulting in more tubular damage than glomerular damage [3] . Additionally, the neonatal kidney is somewhat protected from glomerular damage due to increased renovascular resistance. When tubular damage exceeds glomerular damage, there can be inappropriate loss of salt and water [3] . In the present study, we observe that larger kidneys with parenchymal thinning were particularly more likely to go into pathologic POD after relief of obstruction, supporting these hypotheses. 
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In adults, vascular constriction mediated by angiotensin and other vasoactive agents results in damage to the entire kidney, decreasing both glomerular and tubular function and maintaining glomerulotubular balance [11] . Creating a situation where glomerular filtration remains relatively intact while tubular function is selectively impaired is hard to duplicate in a mature kidney, which is why diuresis following relief of unilateral ureteral obstruction is usually normal as the contralateral kidney is present and capable of excreting excess water and solute [3] . However, kidneys usually mature with respect to glomerular filtration by age 1-2 [12] . Although 3 previously reported cases of POD in a unilaterally obstructed system occurred in neonates, one occurred in a 27-year-old [1, 3] .
Three of seven children in our series were at least 4 years old and therefore reached renal maturity, raising doubts about this hypothesis is the sole etiology of this phenomenon.
Little is known about electrolyte abnormalities following relief of obstruction of a unilateral system with a normal contralateral kidney. The other case reports in the literature do not discuss postoperative electrolyte anomalies [1, 3] . In this study, patients that had postprocedural electrolyte abnormalities could not be predicated due to small numbers of cases. One patient experienced systemic symptoms of lethargy, hypoglycemia and an anion gap metabolic acidosis, with the others having minor electrolyte disturbances. The lack of predictable electrolyte abnormalities occurring after POD make it difficult to identify a common cause of the observed POD but underlies the need for vigilant monitoring. 
This represents the second study to try to determine the prevalence of POD following relief of unilateral obstruction in the presence of a normal contralateral kidney. Bermeo et al. recently published a study citing a 30% incidence of post obstructive diuresis following pyeloplasty [13] . This number is vastly different from the number of cases of POD observed in this study and the few case reports in the literature [1, 3] . Part of this may be due to patients with solitary kidneys being included in this study, as the authors do not report the number of patients included in their study with solitary kidneys [13] .
Obstructions in solitary kidneys behave differently than obstructions in a single kidney with a healthy contralateral kidney. Additionally, the definition of post obstructive diuresis used in that study was 5 ml/kg/hr for 2 consecutive hours [13] . This definition may be too broad and may be capturing patients with physiologic diuresis due to the increased amounts of fluid they received intraoperatively or in the immediate postoperative period. Comparatively, our study has a larger number of patients with a stricter definition of post-obstructive diuresis to identify those with pathologic POD. It is important to differentiate physiologic from pathologic POD as physiologic POD is selflimiting and generally lasts 24 hours or less, while pathologic POD generally lasts longer than 48 hours and can be exacerbated with excessive intravenous fluid replacement [14] .
Future research should attempt to corroborate renal factors we observed to be associated with this phenomenon: grade 4 hydronephrosis, a significantly larger obstructed kidney, and symptoms requiring PCN prior to definitive surgical management.
There are several limitations to our study. Data were collected retrospectively, but with the rarity of POD after relief of unilateral renal obstruction it would make a prospective 
